correlated (0.54-0.66) and these correlations were primarily mediated by genetic and shared environmental factors. In contrast to research conducted with adolescent and adult twins, we found that both genetic and shared environmental factors influenced psychopathic personality traits in early childhood. These findings indicate that etiological models of psychopathic personality traits would benefit by taking developmental stages and processes into consideration.
Introduction
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(e.g., glib/superficial charm, grandiose self-worth, manipulative), behavioral and antisocial (e.g., poor behavior control, impulsive, inability to accept responsibility for one's actions) features [17, 38] . Psychopathy is related to a range of negative and dysfunctional outcomes including substance use, criminal behavior, psychopathology (e.g., borderline personality disorder) [21, 40, 42, 44, 56] , and social maladjustment such as lower educational performance, unemployment and poor social relationships [4, 19, 44, 71] . The prevalence of psychopathy has been estimated to be between 0.6 and 4 % in the general population, with a higher proportion of males to females [65, 75] . Despite the low prevalence, these individuals are believed to account for a large portion of all serious crimes and their recidivism rate is higher than for other offenders [8, 38, 56] . Furthermore, psychopathy is considered to be a neurodevelopmental disorder rooted early in life [22, 33, 35, 36, 41, 52] . Identifying individuals with psychopathic personality traits early in development is, therefore, crucial for intervention efforts, especially since these traits have been linked to early engagement in criminal activities (e.g., [39, 58, 62] ). To date, there has been very limited research on the genetic and environmental etiology of psychopathic personality traits in young children. This study aimed to bridge this research gap by investigating the extent of genetic influences on these traits in boys and girls and to investigate whether shared environmental influences also play a significant role.
Recent twin studies report that heritable factors have a moderate to high influence, non-shared environmental factors have a small to moderate influence, and shared environmental factors have little or no importance explaining the variance in psychopathic personality (for reviews: [66, 72] ). This has been found among adolescents (e.g., [5, 9, 25, 30, 47, 48, 64, 69, 70] ), as well as among adults (e.g., [5, 10, 11, 44] ). However, a more mixed pattern has been found across the few studies that have included children (i.e., participants 12 years of age or younger; see Table 1 for a summary). Please also note that the majority of the studies summarized in Table 1 have only examined the affective (or callous-unemotional) traits. For example, an early study by Viding et al. [76] using DeFries-Fulker extreme analysis showed that the heritability of callousunemotional traits was 67 % in a sample of 7-year-old twins. Furthermore, Bezdjian et al. used the Child Psychopathy Scale [51] to assess psychopathic personality traits in a set of 9-10 year old twins. The affective-interpersonal factor was primarily influenced by genetic factors with slight sex differences (boys 64 %; girls 49 %), with the non-shared environment contributing 36 % in boys and 44 % in girls. Similarly, the impulsive-antisocial factor was primarily influenced by genetic factors (boys 46 %; girls 58 %), with the non-shared environment contributing 53 % in boys and 37 % in girls. There were little and nonsignificant influence from the shared environment [6] . Ficks et al. included children as young as 4 years in their study (age range 4.4-17.8 years, age-corrected analysis) and the antisocial process screening device [31] was used to assess psychopathic personality traits. For callous-unemotional traits, genetic influences explained 49 % of the variance, shared environment 19 % and the non-shared environment 32 %; for narcissism, genetic influences explained 63 % and the non-shared environment 37 %; and for impulsivity, additive and non-additive genetic influences contributed 61 % in boys and 74 % in girls, with the non-shared environment contributing the remaining variance.
In sum, studies examining the genetic and environmental etiology of psychopathic personality traits in young children are scarce. The few studies that do exist have produced diverse findings showing a moderate to strong heritability; the role of the shared environment on these traits is mixed, and whether or not the genetic and environmental estimates vary across sex is unclear. Using data from a population-based sample of Swedish 5-year-old twins this study had the following goals: (1) to examine the genetic and environmental etiology of the three psychopathic personality dimensions-grandiose-deceitful, a callous-unemotional, and impulsive-need for stimulation-assessed with the Child Problematic Traits Inventory (CPTI; [13] ), which was designed to be used specifically among young children; (2) to examine whether the genetic and environmental etiology of the three psychopathic personality dimensions is comparable in boys and girls; and (3) to examine how much of the phenotypic correlation among these dimensions that are accounted for by genetic and environmental influences.
Method Participants and procedure
This study used data from the Preschool Twin Study in Sweden (PETSS) project. The overall aim of PETSS was to examine how genetic and environmental factors in early childhood contribute to cognition, emotional regulation and behavioral problems. Parents of all twins born in Sweden between January, 2004 and May, 2005 were identified through the Swedish population-based medical birth register and contacted 1 month prior to their twins' 5th birthday. Thus, all children in PETSS were 5 years old at study start. Questionnaires were mailed to parents and pre-school teachers of 1261 twin pairs (n = 2522 children). Nonresponders were approached with up to three reminders. Parents were approached separately, resulting in 828 (65 %) The University of Southern California Risk Factors for Antisocial Behavior (RFAB) twin study. Other papers using the same sample and measure but not necessarily examining the influence of genetic and environmental factors on psychopathic personality traits are not included in Table 1 . For example, a study examining the genetic and environmental overlap between psychopathic traits and aggression at age 9-10 [7] , a study examining the relationship between psychopathic traits and autonomic responses during the countdown task at age 9-10 [74], a study examining the relationship between psychopathic traits and anticipatory fear skin conductance responses at age 9-10 [73], a study examining the relationship between psychopathic traits and skin conductance orienting response at age 9-10 [45] b
Twins Early Development Study. Other papers using the same sample and measure but not necessarily examining the influence of genetic and environmental factors on psychopathic personality traits are not included in Table 1 . For example, a study examining the genetic and environmental overlap between callous-unemotional traits and conduct problems at age 7 [79] , a study examining the genetic and environmental overlap between callous-unemotional traits at age 7 and autistic traits at age 8 [57] , a study examining the relationship among negative parental discipline, conduct problems and callous-unemotional traits at age 7 and 12 [78] , a study examining the relationship among dimensions of psychopathy (callous-unemotional traits, narcissism, impulsivity) and cognitive abilities at age 9 [26] , a study using growth mixture modeling to identify four trajectories of callous-unemotional traits (stable high, increasing, decreasing, and stable low) at ages 7, 9, 12 [28] , a study examining the relationship between peer victimization and trajectories of callous-unemotional traits (i.e., stable high, increasing, decreasing and stable low) at ages 7, 9, 12 [27] . See also reviews: a review on callous-unemotional traits, including twin studies examining its genetic and environmental etiology [81] , a review on callous-unemotional traits and antisocial behavior [77] c Georgia Twin Study. Other papers using the same sample and measure and are not included in Table 1 include for example a study examining the factor structure of the antisocial process screening device [20] d 95 % confidence intervals for the ACE estimates nor standard errors were not reported e Estimates of group heritability and group shared environment were calculated using the DeFries-Fulker extreme analysis regression model [18] responses from the mothers, and 698 (55 %) responses from the fathers. Mother and/or father ratings were available from 879 twin pairs (n = 1758 children). The teacher-rated questionnaires had a response rate of 54 % 686 twin pairs (n = 1372 children). The PETSS project was evaluated and approved by an ethics committee at the Karolinska Institute (#2007-1034). For more information on study protocol and procedures: http://ki.se/meb/petss, and [12] .
The main focus of this study was to examine genetic and environmental influences on psychopathic personality traits assessed with the CPTI [13] . The CPTI was completed only by teachers and data were available from a total of n = 1189 children (591 boys; 598 girls), Table 2 .
Typically in Sweden, children start pre-school (day care) around or soon after their first birthday. They remain in preschool for a period of approximately 4 years. They go to Kindergarten in the fall of the year that they turn 6 years. The PETSS questionnaire was mailed out and completed by participating pre-school teachers close to the twins' fifth birthday. Of the participating teachers, 3 % reported that they had known the twins less than 6 months, 12 % reported that they had known the twins between 6 and 12 months, 11 % reported that they had known the twins between 13 and 18 months, 12 % reported that they had known the twins between 19 and 24 months, and 62 % reported that they had known the twins more than 24 months.
Measures
Psychopathic personality traits were assessed with the Child Problematic Traits Inventory (CPTI) [13, 14, 16, 63] . The CPTI has the following response format: 1 = 'Does not apply at all'; 2 = 'Does not apply well'; 3 = 'Applies fairly well'; and 4 = 'Applies very well'. Respondents were instructed to rate each child on how he/she usually and typically behaves rather than based on how he or she behaves at the moment. CPTI contains 28 items which have been found to load on three factors, and this three factor structure has been identified in PETSS across boys and girls [15] , as well as in another Swedish sample across boys and girls and across age [13] . The grandiosedeceitful factor score includes eight items (e.g., lies often to avoid problems; seems to see himself/herself as superior compared to others), the callous-unemotional factor score includes 10 items (e.g., seldom expresses sympathy for others; usually does not seem to share others' joy and sorrow), and the impulsive-need for stimulation factor score includes ten-items (e.g., likes change and that things happen all the time; often has difficulties with awaiting his/her turn). The CPTI three factor scores showed excellent internal consistency (all Cronbach's alphas in the present study >0.89). In terms of external validity, the three factors exhibited positive and significant correlations with teacher and parent rated variables of interest in PETSS, including conduct problems, attention-deficit/hyperactivity (ADHD) symptoms, aggression, and fearlessness [15] . All three scores were log-transformed to approximate a normal distribution.
Statistical analyses
Descriptive statistics and correlations
Descriptive statistics, including means and standard deviations, were first computed for three psychopathic personality dimensions: grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation, as well as their phenotypic correlations.
Twin modeling
In the twin design, data from monozygotic (MZ) and dizygotic (DZ) twins are used to decompose the variance in a measured trait to genetic and environmental components. MZ twins share their common environment and they are assumed to share 100 % of their genes. DZ twins also share their common environment and they are assumed to share about 50 % of their genes. By comparing the resemblance between MZ and DZ twins, the variance of a measured trait can be divided into additive genetic factors (A), shared environmental factors (C), and non-shared environmental factors (E). Shared environmental factors refer to non-genetic influences that contribute to similarity within pairs of twins, whereas non-shared environmental factors refer to experiences that make siblings dissimilar [55] .
To get a first indication of the underlying sources of variance in grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation dimensions, comparisons were made among twin correlations (Twin-1-Twin-2 correlations). A DZ correlation approximately half the value of the MZ correlation would indicate the presence of additive genetic effects, whereas a DZ correlation more than half an MZ correlation indicates the presence of both genetic and shared environmental effects [55] .
Univariate modeling
Univariate models were fit to grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation separately to estimate the relative contributions of genetic factors (A), shared environmental factors (C), and nonshared environmental factors (E, plus error). To test for sex differences in the variance components, a model in which the genetic and environmental effects were allowed to differ between boys and girls were compared against a model in which the estimates were constrained to be equal. A saturated model, which estimates the variances, covariances, and means were first fit and used as a baseline model to which all subsequent models were compared.
Bivariate modeling
A bivariate Cholesky decomposition was fit to estimate how much of the phenotypic correlation that is due to genetic and environmental influences between grandiosedeceitful, callous-unemotional and impulsive-need for stimulation, also referred to as bivariate heritability, bivariate shared environment and bivariate non-shared environment. These estimates are proportions and range from 0 to 1. They provide information regarding the extent to which the phenotypic correlation between two traits is mediated by genetic and/or environmental factors.
All genetic models were fit with the structural equation program Mx [54] . The goodness of fit was compared through the difference in the Chi-square statistic (χ 2 ), where a significant χ 2 indicates that the model with less number of parameters fits the data worse. Akaike Information Criterion (AIC) [1] and Bayesian Information Criterion (BIC) [60] were also used to determine fit, where increasingly negative values correspond to increasingly better fitting models.
Results
Descriptive statistics and correlations
There were significant mean differences between boys and girls, with boys having higher mean values for grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation. The pattern of the twin correlations indicates that genetic and shared environmental influences are important for the three psychopathic personality dimensions, Table 2 .
Univariate genetic analysis
Univariate model-fitting results for grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation are displayed in Table 3 . A low DZ twin correlation (in boys for grandiose-deceitful; boys and girls for impulsiveneed for stimulation, Table 2 ) may be due to non-additive genetic effects, such as epistasis or dominance [54] . A model estimating additive genetic (A) effects, non-additive genetic (D) effects and non-shared environmental (E) effects was, therefore, first tested. However, the full ACE model (Model 2 in Table 3 ) was found to fit better than the ADE model (grandiose-deceitful: AIC 768.632, BIC −2210.855; impulsive-need for stimulation: AIC 694.695, BIC −2247.824). The full ACE model described the data better than the baseline saturated model (Model 2, grandiose-deceitful: χ 2 = 7.081, df = 9, p = 0.629, callous-unemotional: χ 2 = 5.093, df = 9, p = 0.826, impulsive-need for stimulation: χ 2 = 14.242, df = 9, p = 0.114); Model 2 also had smaller AIC and BIC. A model constraining genetic and environmental components to be equal in boys and girls provided a better fit than the full ACE model (Model 3, grandiose-deceitful: χ 2 = 3.962, df = 3, p = 0.266, callousunemotional: χ 2 = 4.29, df = 3, p = 0.232, impulsive-need for stimulation: χ 2 = 1.234, df = 3, p = 0.745). Genetic influences accounted for 57, 25, and 74 % of the phenotypic variance for grandiose-deceitful, callous-unemotional and impulsive-need for stimulation, respectively; shared environmental factors accounted for 17, 48, and 9 % (n.s.), and nonshared environmental factors (including error) accounted for the remaining variance, 26, 27, and 17 %, respectively.
Bivariate genetic analysis
A bivariate Cholesky decomposition was next fit to data. The Cholesky decomposition fit the data better than a saturated model (χ 2 = 76.143, df = 69, p = 0.260). Similar to the univariate analyses, the genetic and environmental variance components could be constrained to be equal in boys and girls (χ 2 = 21.157, df = 18, p = 0.272). The phenotypic correlations were moderate to high across the three psychopathic personality dimensions (Table 3 ). The phenotypic correlations between grandiose-deceitful, callous-unemotional, and impulsive-need for stimulation were primarily accounted for by genetic and shared environmental influences (Table 4) .
Discussion
This study aimed to investigate the genetic and environmental sources among three psychopathic personality dimensions, grandiose-deceitful, callous-unemotional and impulsive-need for stimulation in a community sample of 5-year-old children assessed by teachers. There are three main points of interest for discussion in this study. First, familial influences (i.e., genetic and/or shared environment) explained the majority of variance in grandiose-deceitful, callous-unemotional and impulsive-need for stimulation. Second, no sex differences were found in the genetic and environmental variance components. Third, the proportions of the phenotypic correlations among these dimensions were mainly mediated by genetic and shared environmental influences. Similar to Ficks et al. [25] , our univariate analyses indicated that genetic and shared environmental influences primarily explained the variance in the callous-unemotional dimension, and that a large genetic influence was important for impulsive-need for stimulation. We also found that genetic and shared environmental influences explained the variances in grandiose-deceitful, whereas Ficks et al. found that mainly genetic influences were important for Table 3 Univariate genetic results and parameter estimates for the psychopathic personality dimensions grandiose-deceitful, callous-unemotional and impulsive-need for stimulation at age 5, teacher ratings AIC Akaike's Information Criterion, BIC Bayesian Information Criterion, χ 2 -diff difference in log-likelihoods between models, df degrees of freedom, A additive genetic, C shared environment, E non-shared environment Model # Overall fit Parameter estimates narcissism. This discrepancy in findings between our study and Ficks et al. could partly be explained by methodological differences in that we were using the CPTI rated by teachers and they were using the antisocial process screening device rated by mothers. As genetic influences on psychopathic personality traits may vary across the ways in which these traits are measured, in terms of both informant and instrument used [69] , more research examining the genetic and environmental etiology of these traits in early childhood is warranted. Also, Ficks et al. [25] agecorrected their data (age range 4.4-17.8 years), whereas we used a sample of 5-year-old twins.
Further, callous-unemotional traits have previously received attention [25, 32, 41] , and recently a callous-unemotional-based specifier for the diagnosis of conduct disorder has been added in the fifth edition of the diagnostic and statistical manual of mental disorders [2] . Our finding of a moderate genetic (25 %) influence and higher shared environmental (48 %) influence on the callous-unemotional dimension is in sharp contrast to findings by Viding et al. [76] who found a high heritability (67 %) for antisocial behavior in the presence of callous-unemotional traits as reported by teachers in a sample of 7 year old twins, and no influence from the shared environment. Thus, we found that both genetic and shared environmental factors contributed to callous-unemotional traits at age five. Shared environmental risk factors may include family related factors (e.g., neglect, prenatal stressors) or contextual factors in the surrounding community [53, 68] . Our finding agree with prior work linking environmental factors to callousunemotional traits and studies suggesting that interventions focusing on environmental stimuli may be effective in reducing callous-unemotional traits (for a review: [34] ). The moderate genetic influence in our sample for callousunemotional traits might also be related to heterogeneity within these traits, with subgroups showing differences in behavioral and physiological measures of anxiety and fear reactivity (e.g., [23, 24] ).
The three dimensions grandiose-deceitful, callous-unemotional and impulsive-need for stimulation were all moderately correlated. The proportions of these phenotypic correlations were mainly accounted for by genetic and shared environmental influences. Again, these findings provide support for the importance of both genetic and shared environmental influences in psychopathic personality traits in young children.
The significant shared environmental influences in particular for callous-unemotional traits identified in our sample of 5-year-old twins are of great importance. Typically, a pattern of decreasing shared environment and a concomitant increase in heritability over the course of development is found; this has been reported for several phenotypes including personality traits, cognitive abilities, and aggression [59] . It will be interesting to follow the twins included in this study across development to see if a similar pattern will emerge for the shared environment on psychopathic personality traits. Then again, the bulk of literature on psychopathy has shown little or no influence of the shared environment (e.g., [66, 72] ); however, the majority of previous research has been conducted on adolescent or adult twin samples. Of note, twin studies typically have low power to detect shared environmental influences relative to genetic influences. Shared environmental influences can also be confounded with for example the effects of assortative mating or passive gene-environment correlation (rGE) [46] . Thus, part of the shared environment we found could be explained by the fact that the same teacher was rating both twins in a pair [3] . In our case, 97 % of the participating twin pairs went to the same pre-school class, and 85 % were rated by the same teacher. Studies of children typically rely on parent or teacher reports; it is, therefore, possible that the shared environment found in these studies and in our study is partly an artifact of rater bias. This suggests that future studies are needed examining how genetic and environmental factors influence psychopathic personality traits in children, and it will be interesting to see if they can replicate our finding of a shared environmental component.
We also found higher mean values for psychopathic personality traits in boys than girls across all three psychopathic personality dimensions, indicating that these traits are somewhat more prevalent among boys than girls. Higher mean values for psychopathic personality traits have also been found among males than females across incarcerated and community samples [75] . However, no differences in the magnitude in genetic and environmental variance components were found across boys and girls and the variance components could be constrained to be equal. This finding is in contrast to Bezdjian et al. [7] , who found significant sex differences across 9-10 year old boys and girls, with the affective-interpersonal factor showing higher heritability in boys and the impulsive-antisocial factor showing higher heritability in girls. Similarly, Ficks et al. [25] found sex differences in the Impulsivity dimension, with a higher heritability in girls. Our findings suggest that despite sex differences on a mean level, the underlying genetic and environmental etiology of these traits appears to be similar for both boys and girls. This would in turn indicate that there are specific circumstances (biological) or experiences (social, environmental) that may lead to greater expression of psychopathic personality traits in boys. Future research needs to determine which specific factors that contributes to the sex difference in prevalence.
Limitations
A few limitations in this study must be considered when interpreting these findings. First, we examined the genetic and environmental influences on psychopathic personality traits in a community sample of young twins. Our results may not be generalizable to children in clinical settings. We only had one time point, future research need to investigate how genetic and environmental factors influence change in these traits from early childhood through adolescence and whether the shared environment that we found will decrease across development. There are several assumptions related to the classical twin design [59] , for example, the heritability estimate is time and population specific. A more detailed discussion of these and other assumption in the twin design in relation to psychopathology can be found elsewhere [67] .
Conclusions
In contrast to research conducted with adolescent and adult twins, we found that both genetic and shared environmental influences are of importance for psychopathy personality traits in childhood. The phenotypic correlations between three dimensions of psychopathic personality grandiosedeceitful, callous-unemotional, and impulsive-need for stimulation were primarily accounted for by common genetic and common shared environmental influences. This highlights the importance of considering all three dimensions of psychopathic personality simultaneously in clinical work as well as in future research, see also [13, 61] . These findings further indicate that etiological models of psychopathic personality should take developmental stages and processes into consideration. This evidence is important for prevention efforts, suggesting that preventions designed to reduce the development of psychopathic personality traits can be successful if administered during the preschool developmental period.
